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INTRODUCTION 
Pertti Heinonen and Pertti Seuna 
The course A "Monitoring and Measurements of Lake Recipients" is one of a total five 
European Training Courses co-ordinated by TECHWARE and approved by European 
Commission DG XII (Standards, Measurements and Testing). The first one of these 
courses, Course B "Measurements of heavy metals and anions in drinking water" has 
already taken place in Ioannina, Greece in May 5 - 9, 1997. Course E "Analytical methods 
for algae, protozoa and helmints in freshwater" will be held in November 10 - 14, 1997 in 
Genoa, Italy. The last two courses will be organized later next year; Course C 
"Measurements of organic compounds in drinking and surface water" will be organized in 
July 6 - 10, 1998 also in Ioannina, Greece, and Course D "Use of biotic index to evaluate 
the quality of freshwater streams: EBI method" will be taken place in Trento, Italy in June 
22 - 26, 1998. 
Finland has long traditions in hydrological and limnological research and in the 
monitoring of lakes. The fact is that there are some 190 000 lakes or ponds in Finland, and 
that half of European big lakes, i.e. bigger than 100 km2 , are situated in Finland. So, it was 
quite natural to organize just the course for measurements in lake research here in Finland 
in the Finnish Environment Institute. 
The Finnish Environment Institute (FEI) is a national research and development centre. It 
acts as a centre for environmental research, monitoring and assessment, providing other 
environmental administration bodies and other clients with environmental information and 
expert services. One of the main topics of FEI is monitoring of surface- and groundwater 
hydrology, water quality of inland and coastal waters and terrestrial ecosystems. 
The aim of this course is to spread out knowledge, in a comprehensive way, concerning 
monitoring and measurement aspects of lake ecosystem. The lecturers of this Course A are 
all experienced experts in their own field. 
We want to express our best thanks for several people who have participated in organizing 
this course. The technical assistance of the course secretaries Ms. Leila Haapanen, Ms. 
Anja Holmsten and Ms. Kirsi Kaarto has been of great value. Finally, we express our 
warmest thanks to the experts accepting to give lectures at this course. We hope and 
believe that very fruitful discussions can be expected during the course "Monitoring and 
Measurements of Lake Recipients". 
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OPENING WORDS 
Lea Kauppi 
Director General 
Finnish Environment Institute 
Lea Kauppi works as Director General of the Finnish Environment Institute. 
She made her PhD thesis on impacts of agriculture on watercourses in 1984. 
Later on her main scientific interest has been on eutrophication, particularly 
on the role on nitrogen as a factor controlling eutrophication. She was the 
chairperson of the panel conducting the 5-year Assessment of the Environ-
ment and Climate Specific Programme of the EU in 1996. 
Monitoring of lakes and rivers has the longest traditions in the field of environmental 
monitoring in Finland. Particularly our hydrological time series are valuable in the global 
scale as well, but systematic water quality monitoring also started quite early, some 35 
years ago. Every now and then it has been proposed that we could already quit or at least 
radically reduce the monitoring of our waters, since we have enough data on them. 
However, the question is not that simple. 
The basic idea of monitoring is to reveal the possible changes and trends in the 
environment. Therefore, monitoring is long-term by nature. This is not to say, that it 
should be kept unchanged. Even if it is important to take care of continuity, one should at 
the same time have a strong emphasis on the development of monitoring. This is a special 
challenge, since sometimes a tendency can be observed that monitoring is seen as routine 
work only. 
In order to be able to combine continuity and further improvement of monitoring, special 
attention has to be paid to the calibration of new and old methods or procedures. I think 
most of us who have analysed old time series can agree with this. 
The phenomena and thus the variables most relevant in monitoring also change gradually 
over time. The result is often that the number of variables to be monitored increases, 
because it is a difficult decision to delete anything from the monitoring programme. There 
are also some warning examples on what happens when variables have been deleted. 
Calcium, magnesium, sodium and potassium had been monitored in Finnish watercourses 
in the 1960s and 1970s without observing any significant changes. Thus it was felt that the 
resources could be better used in monitoring some other variables. This change was made, 
and only after a few years, the acidification of lakes turned out to be a real problem. In 
acidification research ion balances are a very useful tool, and we quickly had to bring Ca, 
Mg, K and Na back to our monitoring programmes. After that we have been quite careful 
in revising the monitoring programmes. 
However, in real life there are only limited resources available for monitoring. This 
emphasizes the necessity of solid scientific basis for designing the programmes. This 
course is one important contribution to the continuous improvement of monitoring and I 
warmly welcome you all to our institute and to the course and want to thank the organisers 
for good preparations. 
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OPENING WORDS: EUROPEAN TRAINING COURSES ON 
WATER QUALITY MEASUREMENTS 
Andre Van der Beken 
TECHWARE, Brussels, Belgium 
Prof. Andre Van der Beken is the Head of Laboratory of Hydrology at the 
Vrije University in Brussels. He is the Coordinator of TECHWARE and 
the Chairman of the TECHWARE Coordinating Committee. He plays a very 
active role in international communities in the field of water resources 
education, management and research. 
TECHWARE's role 
TECHWARE (TECHnology for WAter REsources) is an independent, non-profit 
making, member-based association which promotes and facilitates co-operation and 
information-exchange among organisations and individuals operating in the European 
water sector. 
Membership of TECHWARE extends to all the countries of the European Union and to 
several countries in Central and Eastern Europe, and includes enterprises, universities, 
water utilities, water research institutions, regulatory bodies, professional associations and 
individual consultants and other specialists. 
As an association of professionals, TECHWARE represents a very substantial body of 
knowledge and experience in the science, technology and management of water in both the 
natural and built environments. TECHWARE is a true pan-European organisation 
dedicated to the advance of knowledge and skills across the whole water management 
sector. 
TECHWARE is not competitive, nor normally linked, with any other professional or 
scientific body, or with any particular economic, or special-interest, grouping in the 
European water sector, but it aims to co-operate closely with all such bodies to develop 
task-oriented pan-European groupings. 
The links formed, through TECHWARE membership, between universities, training 
organisations and enteprises represent an important mechanism for their collaboration and 
for convergence of their research objectives towards end-user needs and for developing the 
"learning society" of the 21S` Century. 
Among the main activities of TECHWARE are: 
* Organisation of Euro-Workshops on current and emerging water issues 
* Analysis of training needs and running of specialised training courses in 
water science and engineering 
Developing training tools, including inter-active multi-media systems 
Arranging trans-national exchanges of students, young graduates and 
researchers and of staff working in the water sector 
Co-ordination of a European Thematic Network among academia and non-
academia to promote interdisciplinary reflection and co-operation in the 
development of education and training for water management 
Promoting and preparing co-operative training and research among focus 
groupings with the aim of durable networking. 
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TECHWARE is recognised by the European Commission as one of the "focus groups" in 
the European water sector, and many of the above activities have been supported on a 
contract basis by the EC. 
In 1990 - 92, TECHWARE was one of the main contractors contributing to the project 
"Research and Technological Development for the supply and use of Freshwater 
Resources" under the SAST (Strategic Analysis in Science and Technology) programme 
of DG XII operating within the 3 Research and Technological Development (RTD) 
Framework Programme of the European Commission. The results of the project were 
disseminated in 1993 - 95 in a series of Euro-Workshops. The last one was held in June 
1995 in Helsinki at Finnish Environment Institute. 
In 1996, TECHWARE was invited by the EC Task Force "Environment-Water" to act as 
a "professional Mirror Task Force" in order to produce a "position paper" on priorities for 
European water research. 
The TECHWARE European Training Courses 
As one of its main activities since 1990, TECHWARE has promoted and supported 
training through short courses organised by its members. Financial support for such 
courses was often obtained through EC-programmes such as COMETT, LEONARDO, 
TEMPUS, ADAPT. In 1995 TECHWARE has organised a Workshop on "Evaluation and 
Assessment of Continuing Education and Training for water Resources". 
The 4th Framework Programme for RTD of the EC has introduced in many of its work 
programmes "Preparatory, Accompanying and Support Measures". The Standards, 
Measurements and Testing (SMT) Programme of EC-DG XII has identified "scientific 
training for exploitation and technology transfer" as an important corollary to research. 
Within this framework, a project for a series of short courses on Water Quality 
Measurements was prepared by a TECHWARE Specialist Group and submitted to SMT. 
It was evaluated very positively by the experts. 
TECHWARE would like to continue along this road and promote as much as possible 
such activities. TECHWARE helps to bring the teaching and aconomic world together 
towards a "learning society". 
HYDROLOGY OF LAKES 
Esko Kuusisto and Veli Hyvärinen 
Finnish Environment Institute 
Esko Kuusisto works as hydrologist at the Finnish Environment Institute. He 
made his PhD thesis on snow accumulation and snowmelt modelling in 
1984. His present studies mainly deal with the effects of climate change in 
Finland. 
Veli Hyvärinen works as hydrologist at the Finnish Environment Institute. 
He has mainly been working in the field of operational hydrology, i.e. 
discharge determinations, high and low flow analyses, hydrological time 
series analyses, water balance calculations, etc. He has also edited the 
Finnish Hydrological Monthly Reports and most of the Hydrological 
Yearbooks during the past 30 years. 
It has been estimated that there are 12 million lakes on the earth. Their total area. is 2.7 
million km2 and total volume 166 000 km'. The ten largest in area account for 33 % and 
the ten largest in volume for as much as 90 % of the corresponding world totals. 
Finland has 187 888 lakes, if an areal limit is put at 0.05 hectares. The lakes of Finland are 
typically shallow and morphometrically complex. They have 98 050 islands and 186 700 
km of shoreline. 
Knowledge of the hydrology of lakes is essential for their proper use and conservation. 
Water quality is closely linked with the water and energy budgets, mixing, stratification 
and other physical aspects of lakes. Without a morphometric description of a lake, the 
quantitative analysis of the thermal and biological processes is impossible. If a lake has an 
ice cover in the winter, a completely different approach to the analysis of heat budget and 
dynamic processes is needed. 
On the geological time scale, lakes are transitory features on the earth's surface. Their life 
expectancy may vary from a short spell between two floods to millions of years. The 
variation of water levels or the rate of sedimentation are indicators of the future 
development of a lake. Particularly interesting are closed lakes - they are laboratories for 
the study of basic climatic, hydrological and geological phenomena. 
Considerable progress has been made in the modelling of lake hydrodynamics in recent 
decades. Still, the complexity of water motions in lakes hinders a detailed analysis and 
simplified strategies have to be applied. 
Long hydrological data series of lakes have gained in importance with increasing evidence 
of climate change. In SILMU, the Finnish Research Program on Climate Change, these 
data series were analyzed to detect past changes and to predict future development. 
Climate change may have essential effects on lakes in many regions of the world. In high 
latitudes, the shortening of the ice cover period will be the most obvious consequence. 
Increased water temperatures may result in intensified primary production and harmful 
changes in water quality. 
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HYDROLOGICAL FORECASTING 
Bertel Vehviläinen 
Finnish Environment Institute 
Dr. Bertel Vehviläinen has 15 years of experience in hydrological modelling 
and forecasting. He has, together with his team, built up a Watershed 
Simulation and Forecasting System, which is used for real-time monitoring 
and forecasting in Finland. The snow part of the watershed model has been 
developed by him through extensive snow modelling studies in Finnish 
conditions. The watershed models have also been used for evaluating the 
hydrological consequences of climate change in Finland. Dr. Vehviläinen is 
responsible for operational hydrological forecasting in Finland. 
A real-time monitoring and forecasting system based on hydrological watershed models is 
widely used in Finland for forecasting and real-time monitoring. The main operating part 
of the watershed simulation and forecasting system (WSFS) consists of 17 watershed 
models, which simulate the hydrological cycle by using standard meteorological data. The 
watershed models cover 265 000 km2 or 80% of the area of Finland. Forecasts are made 
for 434 water level and discharge points in lakes and rivers. The number of annual water 
level and discharge forecasts is over 20 000. Forecasts are usually made weekly, or daily 
during flood periods. The watershed models are fully automatic, but they can also be run 
interactively. A map-based user interface has been developed for the system, which makes 
it possible to see on a map the variables simulated by watershed models. 
The WSFS is connected to the hydrological data base (HYTREK), operative watershed 
management system (VKTJ), automatic real-time water level and discharge observation 
station net (PROCOL), synoptic weather stations reporting through the Finnish Meteoro-
logical Institute (FMI) and to weather forecasts delivered from the European Centre of 
Medium-Range Weather Forecasts (ECMWF) via the FMI. 
The operation of a watershed model consists of weather and watershed data collection, 
basic simulation run, updating of model accuracy according to observations, runs with 
different regulation rules for regulated lakes, forecasting run with weather forecasts and 
with weather statistics and the delivery of forecasts to regional Environment Centres. 
Owing to the large number of forecasts done, the entire operating system has been 
developed into a fully automatic system. 
Forecast and monitoring results are presented graphically illustrating discharges, water 
levels, water equivalent of snow, areal precipitation, soil evaporation, lake evaporation and 
daily temperatures for a period of 1 to 6 months before and after the forecasting day. The 
forecast thus covers up to six months at the most. 
The developed map-based user interface makes it possible to examine on a map the 
variables simulated by watershed models in altogether 3000 different sub-basins. In the 
start window of the user interface it is possible to choose the relevant watershed. From the 
selected watershed with the first level sub-basin division, one can go to second and even 
to third level sub-divisions. On each division level, all the data windows are available. The 
data windows contain information on the amount of snow, soil moisture, discharge, 
temporary, subsurface and groundwater storages, lake levels and inflows as daily values. 
The map-based user interface is mostly used for examining areal hydrological information 
11 
from watersheds. For hydrological monitoring, this interface provides a large amount of 
otherwise poorly available data in real time. 
Each data window includes an output' icon through which it is possible to store daily data 
in a file for further use. This possibility is intended especially for users who need 
discharge and runoff data from areas and rivers without observations. The map-based user 
interface is a source of simulated discharge values for 3000 sub-basins over 100 000 km2 
of Finland for use with water quality observations, planning, etc., when it is impossible or 
too expensive to make direct observations. The time range for the data is 3 months 
backwards and 3 months ahead as a forecast from the day of the model run. Longer series 
are also available by request. Hydrological monitoring and water resources management 
also use the simulated data on water levels, discharges, areal snow water equivalents, areal 
soil and lake evaporation and soil moisture changes. The quality of the simulated data is 
maintained by continuous updating to observed water level and discharge values. 
Part of the forecasting results can be reached through the INTERNET. Forecast for about 
50 lakes and rivers are delivered to the Internet. Some of the hydrological variables are or 
will also be presented as maps covering the whole of Finland, as for example water level 
compared with the normal, water equivalent of snow, runoff, soil moisture deficit and soil 
evaporation. The address of the home page of the Hydrological Watershed Models is: 
HTTP://WW.VYH.FI/TIETOJ/HBVMALLIT/HBV-MALLIT.HTML. The forecasts for 
different lakes and rivers can be chosen by clicking the red squares on the map of Finland. 
12 
USE OF LITTORAL ALGAE IN LAKE MONITORING 
Pertti Eloranta 
University of Helsinki 
Prof. Eloranta has earlier been in various positions between 1970 and 1989 
at the University of Jyväskylä. Professor in limnology since 1989 at the 
University of Helsinki. His main scientific interests are: aquatic macrophytes 
in polluted watercourses, phytoplankton (communities, production, 
pigments, taxonomy, SEM), zooplankton (ecology, production), fish 
(populations, growth), periphyton (esp. diatoms and red algae) in lakes and 
running waters; use of algae for monitoring waters. 
Lake monitoring has traditionally been conducted by using measurements and samples 
from the pelagial zone. Besides several sets of lake physics and chemistry variables, 
biological data have also been collected for monitoring purposes. Frequently used 
biological variables have been phytoplankton biomass (fresh mass or chlorophyll a 
concentration), primary production, and zoobenthos analyses from lake deeps. Sometimes 
fish and zooplankton have also been included in the programmes. All these analyses can 
give proper information on lake conditions in general and, when using several sampling 
stations, the horizontal variation of lake water quality may also be followed. 
Practically all lake typological classification is based on data from the pelagial zone. Then 
it is assumed that the conditions at the mid-lake station illustrate the lake as a whole. This 
is, however, not always necessarily true. The lake morphology, bathymetric conditions, 
currents and the location of different loads may cause situations where littoral observations 
could also be very useful and even necessary. 
Littoral conditions may differ very drastically from those in the pelagial due to the vicinity 
and direct connection with the terrestrial ecosystem and often due to the littoral vegetation 
making an important buffer zone between the shore and open water. In many lakes, the 
diffuse load from a nearby drainage basin may be an important source of nutrients from 
fields, humic substances from peat lands or other loads. The effects of point load sources 
are also seen best at shores close to the sewer. Therefore, through using littoral 
communities in monitoring, it is possible to monitor and show the local sources of 
different types of loads. Algae are a good tool for this monitoring due their sensitivity, 
wide ecological range in general but also because there are among algae numerous good 
indicators for many ecological factors like nutrient level, saprobity, water pH, currents etc. 
Algae exist everywhere and they can be collected form natural substrata any time during 
the open water season. Among the shortcomings of this method is the lack of quantitative 
classification similarly as there are classification, for algae is in many case the lack of 
taxonomic expertise in the monitoring laboratories. 
Littoral communities are more or less completely different from those in the pelagial 
phytoplankton. A laboratory making biological river monitoring also needs experts in 
benthic algae, which is already useful and closer to the littoral communities. Although all 
algal groups may give some information on the environmental conditions, diatoms are the 
most useful group for monitoring. They exist everywhere, they occur always, the group is 
rich in species and their ecology is very well known. Diatoms have been used e.g. in river, 
and also in lake saprobity monitoring since the beginning of this century. The lack of 
absolute quantitative classifications is compensated very well by the fact that several 
indices have been developed for the evaluation of trophic state, saprobity, pH, salinity, 
currents, nitrogen loads, etc. in order to make monitoring and comparison between stations 
more precise. Great help in these applications is the software and data base program 
(OMNIDIA) including all fresh water diatoms and their ecological information from 
literature. The program calculates rapidly all trophy and saprobity indices, several diatom-
based pH values and makes many ecological groupings of the community structure. 
Thus, littoral monitoring by using algal communities could be recommended for the 
evaluation of the quantity and quality of the diffuse load from different parts of the lake. 
The method can also be used when comparing the trophy or saprobity of different parts of 
the lake. Then sample substratum should be taken into account. It should be similar in 
order to make comparisons more relevant. 
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PHYTOPLANKTON IN WATER QUALITY ASSESSMENT - AN 
INDICATOR CONCEPT 
Eva Willen 
Swedish University of Agricultural Sciences 
Uppsala, Sweden 
Eva Willen, PhD in ecological botany and Docent at the Institute of 
Ecological Botany at Uppsala University since 1980. Her present position is 
as a scientist at the Department of Environmental Assessment at the Swedish 
University of Agricultural Sciences. Her special responsibility is ecological 
evaluation of phytoplankton data from a wide variety of Swedish lakes 
involved in longterm sampling. Eva Willen has been working since the mid 
1960's with phytoplankton in freshwaters as an environmental assessment 
tool. Her special research interests are taxonomy and ecology. 
Microalgae have since the late 19th century been used as a biological classification tool for 
lakes and slow-flowing waters. Well-known examples are given by Apstein and Kolkwitz 
& Marsson from Germany, by Huitfeldt-Kaas from Norway, by Naumann and Teiling in 
Sweden. 
Somewhat later the relationship between empirical found algal groups in nutrient-rich and 
nutrient-poor lakes was formalized in indices for use mainly in the countries where the 
indices were established i.e. in Finland (Järnefelt), in Denmark (Nygaard), and in Sweden 
(Thunmark). Species used in these indices were mainly based on net sampling, usually 
with nets of a rather coarse mesh-size. 
When the Utermöhl-method for plankton countings was introduced, the possibility of 
getting quantitative information on all planktic algae whether large or small was opened 
up. Indicators based on total phytoplankton biovolume and nutrient state of lakes (usually 
the phosphorus concentrations) were constructed with divergencies based on ecoregional 
experiences. A summary of European values is presented. In some cases the proportion of 
important algal classes was added. Similarities and dissimilarities between the Nordic 
countries are illustrated. 
One class of organisms which has reached special attention in all countries is 
cyanobacteria due to its ability to cause nuisance blooms, sometimes combined with toxin 
production. Occurrence and length of waterblooms are used in most countries as an 
indicator of an unnatural situation. Differencies in the ecoregional occurrence of species of 
cyanobacteria will be discussed. 
The total number of species enumerated from quantitative samples has turned out to be 
another important indicator, presented among others in combination with effects of 
acidification. To get comparable values this enumeration has to be done in a standardized 
way, though. 
Indicators on species level, related to certain environmental variables, are proposed in 
most Nordic countries based on experiences from quantitative samples. In some countries 
these indicator species also follow an acidic gradient; otherwise the trend of eutrophication 
is more common. 
A next step on the indicator concept is to classify different algal assemblages in various 
types of lakes. A generalised classification of characteristic species following a seasonal 
pattern in four trophic levels has been outlined with examples mainly from Britain. Some 
other countries has produced a similar outline. 
An attempt to classify Swedish lakes in respect of their characteristic summer 
phytoplankton assemblages is presented and aspects will be given on what to expect in 
different lake-types and different ecoregions. 
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TOXIC CYANOBACTERIA 
Kaarina Sivonen 
University of Helsinki 
Kaarina Sivonen (PhD in Microbiology 1990) is a research scientist and 
Docent in Microbiology at the University of Helsinki. From 1997 onwards 
Senior Scientist of the Academy of Finland. 
Several cyanobacteria species commonly forming mass occurences (blooms) in waters 
produce toxins. In fresh and brackish waters, the most frequently found hepatotoxins are 
cyclic hepta- and pentapeptides, microcystins and nodularins, respctively. Microcystins 
occur worldwide. They have been characterized from species of Microcystis, Oscillatoria, 
Anabaena and Nostoc genera and nodularins from Nodularia spumigena. Microcystins and 
nodularins are structurally related and act identically. They are inhibitors of 
serine/threonine specific protein phosphatases (1 and 2A) and potential tumor promoters. 
In tropical and subtropical waters, an alkaloid toxin cylindrospermopsin produced by 
Cylindrospermopsis raciborskii and Umezakia natans occurs. It is a cytotoxin that 
primarily effects the livers and kidneys of mammals. Three types of cyanobacterial 
neurotoxins are known to occur in freshwaters; anatoxin-a, anatoxin-a(S) and paralytic 
shellfish poisons (PSPs). Anatoxin-a is produced by Anabaena, Oscillatoria and 
Aphanizomenon, anatoxin-a(S) only by Anabaena, and PSPs by Aphanizomenon, 
Anabaena circinalis and Lyngbya wollei. All neurotoxins block neurotransmission: 
anatoxin-a by mimicking the effect of acetylcholine, anatoxin-a(S) by being a 
cholinesterase inhibitor and PSPs by blocking the sodium channels. In marine waters, 
cyanobacterial dermatotoxins and neurotoxins have been reported. Most species producing 
cyanobacterial toxins are planctonic, but anatoxin-a is produced by benthic Oscillatoria 
and PSPs and dermatotoxins by Lygnbya. Toxic and non-toxic strains are found among the 
same species. The methods now available to screen samples for toxicity and detect and 
identify these toxins include bioassays, ELISA, enzyme inhibition assays, chemical 
methods using gas or liquid chromatography, capillary electrophoresis, mass spectrometry 
or a combination of these and NMR. Cyanobacterial toxins have caused the death of 
animals all over the world and pose health risk to humans through the use of water 
containing toxic bloom for recreation, drinking or the production of food. 
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FLUXES OF WATER AND MATERIALS INTO LAKES VIA 
GROUNDWATER 
Jouko Soveri 
Finnish Environment Institute 
Jouko Soveri, PhD (geohydrology), is the Head of the Integrated Hydrology 
Unit at the Finnish Environment Institute and Docent at the University of 
Turku. His expertise areas are: groundwater observation and monitoring, 
environmental acidification, air, soil and groundwater pollution and 
protection and groundwater supply. 
The traditional division between surface water and groundwater disciplines has tended to 
be reduced during recent years with the result that some useful advances have been made 
in understanding the interaction process. Various improvements have been made in the 
methods for assessing the interaction between surface water and groundwater. These 
improvements have taken place in several fields, such as instrumentation, the use of tracers 
and improved conceptual and mathematical models of the system. Improvements have 
been made in the accuracy of estimating all elements of the hydrological cycle. 
The interaction between lakes and groundwater is a part of the hydrological cycle. There 
are two main aspects of this process. Firstly, the flow of groundwater to support lakes and 
river flow and, secondly, the flow from rivers and lakes to groundwater. Whenever there 
is a flow of water between lakes and aquifers, in either direction, there is a relationship 
between the quality and quantity of the water in the two systems. 
Where pollution tends to increase due to man's activities, an understanding of the 
interaction is essential for reducing the effects of such pollution. Groundwater can pollute 
lakes and lakes can pollute groundwater. Alternatively, there may be improvements in 
quality. Several investigators have suggested that nutrients, especially nitrogen compouns, 
may be delivered in ecologically significant amounts to lakes via submarine groundwater 
discharge. This process may be particularly important in areas where groundwater has 
become contaminated, e.g. with nutrients from septic systems or fertilizers. 
All data on the water budget are required for the assessment of the total water budget or 
chemical composition in lakes. The three main components of the water budget, i.e. 
precipitation, surface runoff and evaporation, are fairly accurately estimated. However, 
few attempts have been made to quantify the groundwater components of the flow to the 
lakes. An unknown amount of groundwater discharges directly into the lakes from major 
aquifers. So, groundwater flow into the lakes contributes not only to the lake's water 
volume but to its chemical balance as well. 
The interaction between a lake and an aquifer is different from that of a spring or a river, 
because the area of contact between the lake and the aquifer is much larger. Consequently, 
the flow patterns in the vicinity of the lake tend to be more complex, so that water may 
flow from the aquifer into the lake in one region, whereas in another region the same lake 
water may be transmitted from the lake bach into the aquifer. Two other features that often 
have a dominant effect on the interaction are the hydraulic conductivity of the sediments 
at the bottom of the lake and the ratio between horizontal and vertical hydraulic 
conductivity. 
18 
LAKE SEDIMENTS IN HISTORICAL MONITORING OF THE 
ENVIRONMENT 
Heikki Simola 
University of Joensuu 
Heikki Simola; PhD in 1983. From 1981 onwards employed as scientist 
(palaeoecology) at the Karelian Institute; in 1984 appointed as Docent of 
Environmental Science at Department of Biology at the Uniersity of 
Joensuu. His main research interests are: palaeoecology; diatoms; 
sedimentary records of environmental change; history of agriculture in 
eastern Finland and Russian Karelia. 
Palaeolimnological data on the past conditions of a lake ecosystem are often indispensable 
as background information for ecosystem monitoring, as most lakes have been impacted 
by various human activities much longer than the time span of any systematic monitoring 
survey. 
A sediment deposit constitutes an archive of the environmental history in a chronological 
sequence: the vertical dimension represents the passage of time, and each horizontal 
stratum is a more or less clearly defined image of a moment or a period in the ecosystem 
history. 
The temporal resolution of a sediment sequence, i.e. how sharply the past events can be 
distinguished, depends on the process of sedimentation and post-sedimentational processes 
(sediment accumulation rate, resuspension, surface sediment mixing processes etc.). The 
most detailed sedimentary records are provided by annually laminated or varved 
sediments, in which even seasonal patterns may be discernible; most lake sediments are, 
however, affected by physical or biological mixing, so that a given layer represents a more 
or less homogenized sample of some years' or even decades sedimentation. 
Lake sediments are composed of both autochthonous material, produced in the lake 
ecosystem, and allochthonous material, entering the lake from its drainage area and the 
atmosphere. A multitude of physical, chemical and biological analyses is available for 
extracting the contained information. 
Palaeolimnological investigations require a multidisciplinary approach, while 
corroborating evidence provided by different independent analyses is often needed for 
sound interpretations of the data. 
In most lakes, the sedimenting material is focused towards the deepest part of the basin, 
which therefore is the preferred site for taking the samples. In large or shallow lakes and 
in complex basins, however, sediment distribution may be uneven, so echosounding of the 
sediment deposits may be necessary for locating the proper sedimentation areas. For 
whole-lake inventories of total sedimentary fluxes of e.g. nutrients or pollutants, 
multi-core sampling across the whole basin is warranted. 
Dating of the sediment cores is essential, while sedimentation rates may considerably vary 
between sites and within sequences. The Pb-210-method is a commonly used isotope 
dating technique for recent (0-150 years) sediment sequences. Sediment varves or the 
universal features of the stratigraphies of soot particles and atmospherically deposited 
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heavy metals may provide sufficient dating for many practical aims and purposes in 
studies of recent environmental change. 
The stratigraphies of biological remains (chitinous, siliceous or calcareous microfossils of 
different organisms) provide direct evidence of the past living conditions in the lake 
ecosystem. Different organism groups each tell their own story: diatoms and cladocera 
mainly reflect the pelagial water quality and conditions in the littoral/littoriprofundal zone, 
while the profundal chironomid fauna directly indicates - often dramatic - changes in the 
hypolimnetic conditions. 
There are several well-established water quality indices based on different indicator 
species systems, e.g. for trophic state, acidity or saprobicity classifications of water bodies, 
which are readily applicable to fossil assemblages as well. More exact and quantitative 
reconstruction of the past environmental conditions is achieved by a transfer function 
approach: the relationship between water chemistry variables and biota is established by 
canonical correspondence analysis (CCA) and weighted averaging calibration for a 
calibration data set, which consists of water chemistry and species assemblages (e.g. 
surface sediment diatoms) analysed from a number of lakes. Based on such transfer 
functions, the past changes in water quality variables (pH, alkalinity, phosphorus level 
etc.) can be reliably inferred from the fossil assemblages in a sediment core. 
Quantitative palaeolimnological methods allow detailed assessment of human impact 
(eutrophication, acidification), as well as long-term (e.g. climatic) changes in the lake's 
history. Besides retrospection, this approach also enables prognostication of the ecosystem 
development. 
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Lakes in Europe are important for e.g. public water supply, industrial processes and 
cooling, waste disposal and hydro power generation. However, they are increasingly used 
for recreation (including non-commercial fishery) constituting in many areas an important 
part of the landscape. European lakes are not, partly due to the glaciation history, evenly 
distributed. True lake districts predominantly occur in the Nordic countries, in the Karelo-
Kola region of the Russian Federation and in northern parts of Central Europe. 
Our knowledge of lakes has increased remarkably during the past decades, partly due to 
many international projects (e.g. IBP) and other co-operation. In these projects, similar 
themes could be studied in lakes covering a greater geographical area. In addition, study 
methodology could be harmonized or even standardized, and the interpretation of the 
results has become easier. 
Lakes have traditionally been objects of human activity followed by many harmful effects 
in their ecosystem leading them to the development turning off from their natural state. In 
order to know the direction of the trends, trend magnitude and measures to relieve harmful 
effects, careful planning of the studies is needed before the first samples are brought into 
the laboratory. Different methods are available: measuring the water quality is surely the 
most traditional one, but different biomonitoring methods are of increasing importance. 
In lake monitoring, zoobenthos has an important role and it can be used for many 
purposes. Traditionally - and still in the majority of cases - we use zoobenthos data for 
studying the pollution (or eutrophication) rate and the distribution of impaired areas. Soft 
bottom communities of lake profundals show us a clear gradient along the oligotrophy-
eutrophy axis, but dystrophic lakes, too, have their characteristic profundal fauna. In 
palaeolimnological studies, trophic classification based on chironomid fossil remnants can 
be reached far into the pre-industrial time in a lake history. When studying acidification - 
of natural or of anthropogenic origin - more attention must be paid to the littoral 
zoobenthos, which has many good indicator groups for that purpose. Here, smaller upper-
reach lakes are usually in a central position as study objects. Furthermore, toxicological 
effects can be e.g. studied through deformities in animals or by measuring levels of 
accumulated toxicants in zoobenthic target groups. 
In the future, sustainable lake management and restoration calls for increasing knowledge 
of the fauna-habitat relationship. The biodiversity theme, at all its levels, is becoming part 
of lake monitoring. Possible global climatic changes, affecting evidently the trophic state 
and ecosystem structure of lakes, should be studied over large geographical areas. All 
these new aspects are new challenges to lake monitoring, where zoobenthos should not 
only be seen as an indicator of events but more as a functional part of a lake ecosystem. 
21 
BOTANICAL ASPECTS IN LAKE MONITORING AND 
ASSESSMENT 
Heikki Toivonen 
Finnish Environment Institute 
PhD in systematic botany, University of Helsinki 1981. Research Professor 
(Nature conservation and Biodiversity studies) at the Finnish Environment 
Institute, 1996 - 1999. Previously acting as Professor in Botany, University 
of Helsinki 1985 - 1986, University of Turku 1990 - 1994. His main research 
fields are: Aquatic macrophyte flora and vegetation; Plant systematics (esp. 
Carex); Vegetation mapping and habitat classification 
Aquatic macrophytes as indicators of different aspects of environmental quality in NW 
European fresh water bodies is discussed. The communities of aquatic macrophytes vary 
greatly according to biotopes: from ponds to larger or even great lakes, rivers, brooks and 
springs. The species pool of vascular hydrophytes is about 80, and that of helophytes more 
than 40, but occasionally many mire and shore plants can live in shallow water. About 50-
60 bryophytes can be recognized as aquatics. Macrophytic fresh water algae are not many, 
mostly representing Characeae. 
The species richness and occurrence of various growth forms of aquatic macrophytes vary 
greatly, being the lowest in acid brown-water oligotrophic and highest in clear-water 
meso-eutrophic and eutrophic waters. The trophic state largely determines the occurrence 
of many helophyte species; for hydrophytes the principal determinants are trophic state, 
water transparency and bottom type. High transparency combined with meso or eutrophy 
and large littoral area results in high species richness. This is due to the co-existence of 
species representing various submerged growth forms (e.g. elodeids, ceratophyllids, 
isoetids, aquatic mosses and charids). 
The aquatic flora and vegetation in a water body are influenced simultaneously by several 
factors: exposition and topography of shores, quality of bottom, transparency and 
chemistry of water, competition between plants, herbivory, etc. Local heterogeneity in 
larger water bodies results in a wide array of habitats. Therefore, macrophytes only rarely 
have a good indicative value when evaluating some specific environmental variables (e.g. 
chemical variables). 
The physiognomic characteristics of aquatic vegetation can also be used in assessing and 
monitoring water bodies. These include e.g. vertical and horizontal ranges of species and 
various growth forms. Elodeids, isoetids and aquatic mosses can grow in the depth of 
several meters in oligotrophic clear-water lakes. In eutrophic lakes, isoetids and 
submerged bryophytes only occur rarely, and in the course of very severe eutrophication 
most of the submerged macrophytes disappear. 
Macrophytes can be successfully used in assessing and monitoring the trophic state and 
studying longer-term changes in their habitats. E.g. proportions of species indicating 
various trophic states, and growth form spectra can be successfully used in comparative 
studies of various water bodies or in monitoring temporal changes. Shoot dimensions, 
stand size and density, above-ground biomass etc. also have indicative value, but their use 
requires much standardization of survey methods, like choice of study sites, sampling 
procedure, recording scales and numerical evaluation etc. 
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Macrophyte communities can be effectively used in characterizing and mapping littoral 
habitats in various water bodies. They can be studied with relatively high accuracy also by 
remote-sensing methods, e.g. air photographs. Because macrophyte communities are 
habitats for many other organisms, this approach is important in assessing littoral 
characteristics of water bodies in general. 
A new approach is the use of macrophyte flora and vegetation for assessing biodiversity of 
fresh water habitats for nature conservation. In Finland, about 40 species of aquatic 
vasculars, bryophytes and Characeae algae are threatened, and in addition, many are 
regionally rare or threatened. Possibilities of using threatened macrophytes as indicators 
of habitat changes are briefly discussed. 
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The lake ecosystem can in theory be divided into two different compartments, which 
closely affect each other; the biotope and the biocoenosis. The biocoenosis consists of all 
the living organisms found in the lake concerned, i.e. bacterioplankton, phytoplankton, 
zooplankton, bottom fauna, periphytic communities, macrophytes, fishes etc. The abiotic 
part of the ecosystem is called the biotope. The biotope can be characterized by different 
hydrological (water level of lakes, discharges in rivers etc.), physical (thermal and optical 
conditions) and chemical variables. 
The most important chemical sectors of the biotope are 1) the oxygen status including the 
organic compounds affecting the oxygen budget, 2) the nutrient status, 3) the acidity status 
and 4) the harmful substances including heavy metals and a large number of organic com-
pounds. In addition, the reliable monitoring of lakes and the assessment of chemical and 
biological results always needs relevant information about the thermal and optical proper-
ties of the lakes. In the presentation, all the sectors are demonstrated with case studies 
from different Finnish water courses. 
The samples for oxygen determinations are always taken as vertical series starting from 
the uppermost layer in the epilimnion (usually one meter) and finishing in the hypolimnion 
at a depth that is one meter above the bottom sediment. The number of samples needed for 
the estimation of the oxygen budget of the lake depends totally on the thermal 
stratification of the lake. The oxygen concentration is determined by the titrimetric 
method, and the results are expressed as mg/L or as percentages of the saturation values. 
The organic matter of lake waters is determined directly by analyzing TOC (total organic 
carbon) or, more frequently, indirectly by analyzing the biochemical oxygen demand 
(BODS or 7 days) especially from rivers or the chemical oxygen demand (CODMf or CODcr). 
The natural humic substances may in most Finnish lakes increase the CODMn and CODcr 
values. The variations between different seasons may be of great amplitude. Some estima-
tions of the concentrations of organic matter can also be drawn from water colour and 
Secchi depth measurements. 
The nutrient status is determined by phosphorus and nitrogen compounds. In most 
Scandinavian lakes, phosphorus is usually the limiting factor for primary production. Total 
phosphorus and phosphate-phosphorus are determined by photometric means. However, 
in some cases in Finland nitrogen may also play a meaningful role in eutrophication 
processes, especially in lakes with a higher eutrophic level. The most important nitrogen 
compounds in eutrophication research are NH4-N and NO3-N. The analyses of these 
compounds are carried out with spectrophotometry. Total N is also determined. 
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The acidification of lakes is a real risk in Finland, Sweden and Norway. ANC (Acid 
Neutralizing Capacity) measurements analyzed by Gran alkalinity have been a very useful 
tool in estimating the possible trends in the acidification phenomena of lakes with low 
buffering capacity. The base cation level (Ca+Mg+Na+K) is also a suitable variable in 
estimating the lake water sensitivity to acidification. 
Heavy metals are usually determined by AAS (Atomic Absorption Spectroscopy). The 
concentrations of heavy metals in Finnish freshwaters are on a very low level. Many of the 
harmful substances in lakes or lake sediments are of organic origin. For reliable deter-
mination of these compounds GC (gas chromatography) with different detections is 
needed. 
In this context, applications have been understood to be methods that actually indicate 
biological phenomena, but which are measured with chemical methods. As chemical 
applications, chlorophyll a and the determination of periphytic growth are presented as 
well as the mussel incubation method for determining the organochlorine compounds 
originating from pulp and paper industry. 
Chlorophyll a has for a long time been regarded as a very good estimate in assessing the 
eutrophication situation of lakes. The Finnish standard method is based on eluation with 
ethanol. 
Periphytic growth on artificial substrates measured as chlorophyll a (mg/m2) has been 
found to be a good indicator for early warning of eutrophication. There are cases where 
there were no differences in eutrophication between two areas estimated by phosphorus 
and pelagic chlorophyll a, but the difference in periphytic growth was ten-fold. 
The usual lake mussels (Anodonta piscinalis) have proved to be very suitable in 
investigating and monitoring the spreading, transformation, and degradation of organic 
chlorocompounds. The method and some examples of monitoring results will be 
presented. 
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Nitrogen leaching may considerably affect ground and surface water quality and contribute 
to the eutrophication of watercourses and marine areas. Eutrophication has been one of the 
main water problems in Europe for decades. Appearing first mainly in lakes receiving 
domestic or industrial effluents, it is now affecting many coastal areas and lakes in rural 
areas without identified point sources of pollution. Since the contribution of forests to the 
total nitrogen load on the watercourses and the sea is significant, it is important to quantify 
the load of different fractions of nitrogen and to analyze the magnitude of spatial variation 
and the reasons behind this variation. Spatial variability may be explained by natural 
catchment characteristics, but it may also be a response to climatic and anthropogenic 
factors such as deposition and forestry activities. Effects of such factors have been 
indicated by upward trends in nitrogen loads and concentrations. 
The atmospheric N input to forests in Europe and North America has increased 
dramatically during recent decades due to the emission of NO,, from combustion processes 
and of NH; from agricultural activities. Forest ecosystems may accumulate considerable 
amounts of N in biomass and soil organic matter, but there is increasing concern that forest 
ecosystems may be overloaded or saturated with N from atmospheric deposition, leading 
to increased nitrate leaching. The effect of increased N deposition on fresh water depends 
not only on the capacity of soils and vegetation to utilise extra N but also on the net effect 
of uptake processes. When catchment acidification is considered, certain forms of N may 
acidify soils while other forms are essential for fresh water acidification. Enhanced inputs 
of N can have a fertilizer effect leading to increased growth, which results in an increased 
demand for other essential plant nutrients, and may cause nutrient imbalances. 
Nitrate leaching may also be a response of the N cycle to other factors such as 
management changes, forest decline and climatic change, which may alter N cycling by 
decreased plant uptake or enhanced mineralization and cause accumulation of inorganic N 
in the soil, nitrate leaching and/or increased denitrification. Forest management practices 
may upset the nitrogen cycle by decreasing uptake by plants or enhancing mineralization, 
and cause accumulation of nitrogen in the soil and increased leaching. 
Some of the complex interactions and feedback of causes and effects in the N cycle may 
be addressed by studying small catchments in different environmental conditions. 
However, the interpretation of N leaching from forested catchments is rather complex, 
since the output fluxes are small as compared with the possible natural variation and very 
small as compared with the N pools in the forested ecosystem. The links between the 
hydrology of the catchment and processes contributing to N cycling are important. Which 
contributes more to the increased leaching of nitrate, older pre-event water or recent event 
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water? What are the most important areas within the catchments from the point of view of 
N leaching? 
Part of the variance in stream water concentration is usually a function of stream flow. 
This comes about as a result of two different kinds of physical phenomena. One is 
dilution: a solute may be delivered to the stream at a reasonably constant rate, whereas the 
flow changes over time. The result of this situation is a decrease in concentration with 
increasing flow. The other process is wash-off  a solute, sediment, or a constituent attached 
to sediment can be delivered to the stream primarily from (surface-saturation) overland 
flow, or from stream bank erosion. In these cases, concentrations as well as fluxes tend to 
increase with increasing flow. Relations found in regression analyses are often non-linear 
and the patterns may be very different for different substances as well as for different 
catchments. When nitrogen export from a catchment is estimated, calculations are often 
based on weekly or monthly measurements and linear interpolation of concentrations. 
However, the estimated load may be very different from the 'true' load, since 
concentrations rarely change linearly over time. There is considerable short-term variation 
in nitrogen concentrations in forest streams, which is influenced by e.g. water flow paths 
and transit times, and by the seasonal variability of biological processes. 
Hydrological processes, N leaching, and the monitoring methodology of small catchments 
are discussed in the presentation, as well as factors affecting the spatial and temporal 
variation of nitrogen export from Boreal forested soils. 
27 
ON THE ROLE OF FISHES IN LAKE ECOSYSTEMS 
Hannu Lehtonen and Jakob Kjellman 
University of Helsinki 
Hannu Lehtonen is PhD and professor of fish biology and fishery science at 
the University of Helsinki since 1995. He worked for the Finnish Game and 
Fisheries Research Institute in 1973 - 1995 and at Helsinki City Water 
Conservation laboratory in 1972 - 73. Lehtonen has primarily studied 
general fish biology, the effects of fishing and environmental changes on 
fish populations. During recent years, he has also studied the interactions 
between fish species. 
Jakob Kjellman is a post graduate student in fishery science at the 
Department of Limnology and Environmental Protection of the University of 
Helsinki. He has primarily studied the effects of acidification on fish 
populations and fisheries in the River Kyrönjoki. 
Many studies have shown that piscivorous fish can control planktivorous and benthivorous 
fish abundance and species composition, benthivorous fish can control zoobenthos 
abundance and species composition, and planktivorous fish can control zooplankton 
abundance and species composition. Fish predation thus controls the population dynamics 
of prey species as well as nutrient levels in water (top-down control). However, fish 
abundance and species composition are also controlled by lower trophic levels and abiotic 
factors (bottom-up direction). Fish production is to a great extent determined by climatic 
factors and food availability. Nutrient levels and primary productivity correlate to fish 
production, but the correlations are in most cases weak. 
Fish populations have been largely ignored in studies regarding the nutrient budgets of 
lakes in spite of the fact that in most cases the majority of the phosphorus content has been 
found in fish tissues. Part of the phosphorus is bound to fish recycles through excretion 
and egestion. There is evidence that the decomposition of dead fish may also be important. 
One important role of fish is related to their mobility. Diel migrations of both fish and 
zooplankton are among the features in lakes that translocate nutrients between different 
areas. It has also been noted that many zooplankton species avoid vertical migration to 
water layers where planktivorous fish are feeding. 
Trophic cascade regulation is the strongest between the piscivorous and planktivorous fish 
and weakens towards lower trophic levels. Removal of fish above threshold levels from 
eutrophic lakes has in many cases led to improved water quality. The effect achieved is 
much dependent on whether the natural load of the lake is internal or external. Predatory 
fish affect water quality by two means: predation on planktivorous fish decreases the 
pressure towards zooplankton, which in its turn increases the abundance of phytoplankton, 
and the decrease of benthivorous fish decreases the internal load of nutrients from 
sediments. 
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The European Topic Centre on Inland Waters (ETC/IW) was appointed in December 1994 
by the European Environment Agency (EEA) to act as a centre of expertise for use by the 
Agency and to undertake part of the EEA's multi-annual work programme. The key Task 
of the first year's programme was to design a freshwater monitoring network for the EEA 
area. This Task is summarised in this report. 
Over the past two decades four European Community Action Programmes on the 
environment have given rise to about 200 pieces of environmental legislation. While a 
great deal has been achieved, the general state of the environment continues to slowly 
deteriorate. This assessment was made in The Fifth Environmental Action Programme 
based on a Report on the State of the Environment. The Action Programme highlighted the 
need for a more far reaching and more effective strategy, which could only be assured if 
the quantity and quality of information was good enough. Against this background, it was 
decided to establish a European Environment Agency. 
The main task of the Agency is to provide the European Union and the EEA Member 
States with objective, reliable and comparable information at a European level enabling 
them to take the requisite measures to protect the environment, to assess the results of such 
measures and to ensure that the public is properly informed about the state of the 
environment. 
The EEA has the duty to update the Dobris- (State of Europe's Environment) report in 
1998 and is also required to produce monographs on specific issues such as groundwater 
quality/quantity and eutrophication. Information is thus required on: 
* the status of Europe's water resources (status assessments); and, 
* how that relates and responds to pressures on the environment 
(cause-effect relationships). 
Member States monitor water resources according to their national requirements (e.g. legal 
and operational) and international obligations (e.g. European Commission (EC) directives 
and International Agreements). The information arising from this monitoring is potentially 
a major source for the EEA. However, the information required by the European 
Commission from Member States is primarily for assessing implementation of and 
compliance with directives rather than for the provision of information on the general 
status or quality of water resources. It is this latter type of information, provided in a 
comparable way from a representative sample of Europe's water resources, that is 
29 
required. Information from directives is not, therefore, likely to be suitable for the needs 
of the EEA. 
Information from International Agreements will be of use to the EEA. However, to be of 
use data will have to be comparable between the different agreements, and the data will 
represent only those waters covered in the agreements, that is the major water 
bodies/catchments in Europe. 
The proposed network for the EEA to obtain the information it requires is designed to give 
a representative view or assessment of water types within a Member State and also across 
the EEA area. It will ensure that similar types of water body are compared. The need to 
compare like-with-like has led to a stratified design with the identified and defined strata 
containing similar water bodies. The use of the same criteria for selecting strata and water 
types across Member States will ensure that valid status comparisons will be obtained. 
The EEA network will: 
1. Be representative of the size/numbers/types of water bodies in the EEA area (e.g. small 
rivers), variation in human pressures (e.g. population density and land use), and, will 
include a number of reference and flux stations. 
2. For rivers, have reference, representative, impact (part of representative network) 
stations, and flux monitoring stations at discharge into sea, or at international boundaries. 
3. For lakes, have a general surveillance network comprising reference and representative 
lakes, and if necessary, (in the light of experience) an impact network with lakes selected 
on the basis of population density. In addition the largest and most important lakes 
(nationally) will be included and possibly a specific cause/effect network of lakes. 
4. For groundwater, have a general surveillance network comprising representative 
stations on all nationally important aquifers (groundwater in porous media, karst 
groundwater and others) ideally at a density of 1 station per 20 to 25 km2 of aquifer. In 
addition the feasibility of establishing reference stations in aquifers not affected by human 
activities will be assessed. 
At present there is not enough comparable information to obtain a quantitative assessment 
of water resources across Europe. This can lead to unfair or incomplete comparisons being 
made and wrong conclusions drawn. By submitting information within this proposed 
framework a level playing field will be obtained so that Member States will have 
confidence in the conclusions being drawn. In addition the information will enable 
European environmental policies to targeted correctly and cost-effectively. 
To minimise cost implications, where possible the monitoring network will be based on 
existing national and international networks, use existing sources of monitoring 
information and create, only if necessary, an EEA database of aggregated data and 
information rather than of raw non-processed data. It should be emphasised that the 
information provided by the network will not be for the assessment of compliance of 
Member States with the requirements of European Commission directives. 
The proposed network has been piloted and tested in four volunteer countries to date. Up 
to a further six countries have volunteered to pilot the network in the coming year. Results 
and experience from the piloting will be used to modify, where necessary, the design and 
the network will be progressively implemented step-by-step across the EEA area. 
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Measuring methods are seldom perfect. They often have limitations to their use, and 
environmental samples may contain components causing interference affecting the 
detection and yield of the measured variable. Several options may therefore be required for 
measuring the same variable. Sensitivity, specificity and costs of measurements depend on 
the methods. On the other hand, research and monitoring programmes covering wide 
geographical areas or long periods necessitate the compatibility of data on measurements. 
The compatibility of data on international level is needed, e.g. when studying 
transboundary pollution, in international surveys, in testing compliance with international-
ly agreed limit values and even for commerce. In many countries standardization of water 
analyses has been practised nationally since early twentieth century. 
The International Organization for Standardization (ISO) is a worldwide federation of 
national standards bodies presently including 120 members. Its Technical Committee on 
Water Quality (TC 147) has been active since .1971. It has 6 subcommittees (SC) dealing 
with terminology, physical, chemical and biochemical methods, microbiological methods, 
biological methods, sampling and precision and accuracy. The working drafts (WD) are 
usually elaborated in specific working groups (WG) consisting of experts nominated by 
actively participating (P) member bodies. When consensus on the WD has been achieved 
within the WG, it is forwarded to the respective SC and circulated to the P member bodies 
for voting and to the observing members (0) for information as a committee draft (CD). 
If the voting result is favourable, the usually amended version is circulated as draft interna-
tional standard (DIS) for voting and finally published as an ISO standard in English and 
French. Every five years a periodical review is carried out in order to update the standards 
as needed. 
The European Committee for Standardization (CEN) is a cooperative body for the 18 
national standards bodies of the EU and EFTA. Its importance has grown since the new 
approach to elaborating EU Directives was adopted. The methodological details are now 
described in EN standards produced within CEN and not listed in the Directives. The 
activities in CEN's Technical Committee on Water Quality (TC 230) started in 1989. Pres-
ently, the Committee has three working groups (WG), for physical and chemical methods, 
biological methods and microbiological methods. Each of the WGs has several task groups 
(TG) for specific methods. Usually TGs elaborate the method proposals, and when con- 
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sensus has been reached, they are forwarded to the TC via WG. They are then circulated 
as draft European standards (prEN) to the member bodies for voting. The amended 
version is circulated for formal voting and fmally published as an EN Standard in English, 
French and German. Each member body must publish a national standard based on the EN 
standard within 6 months from the publication of the EN standard. Alternatively, a docu-
ment can be adopted as a European prestandard (ENV), which is in force for a limited 
period and allows the existence of parallel national standards. Unique acceptance 
procedure (UAP) is an option to speed up the process when acceptance is highly probable. 
As a difference between ISO and CEN, voting results in CEN are calculated from 
weighted votes (big nations having more votes than small countries). 
The problems associated with two international organizations producing standards for the 
same purposes have been realized, and an agreement between ISO and CEN was signed in 
Vienna in 1991. The important Vienna Agreement enables parallel work and parallel 
voting between ISO and CEN. This possibility is extensively utilized in the work of 
CEN/TC 230 and ISO/TC 147. 
The paper describes the practical work and provides advice on how to participate. 
Standardization of aquatic microbiological methods is described in more detail. 
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QUALITY ASSURANCE FOR WATER ANALYSIS 
Pentti Minkkinen 
Lappeenranta University of Technology 
Pentti Minkkinen, Associate Professor (Inorganic and analytical chemistry), 
since 1976, Lappeenranta University of Technology, Department of 
Chemical Technology. His research interests are: Quality control of 
sampling and analytical measurements; Chemometrics, especially process 
and environmental analytical applications. 
A very large number of water analyses are carried out for different purposes. Analyses are 
needed to control the quality of lake and river waters, quality and impact of waste waters 
on recipients, quality of potable water, etc. In many cases the results the quality 
requirements may be set by authorities or by international regulations. In water research, 
large data sets and long time series, covering tens of years, are usual. In this case many 
laboratories using different methods may have produced the results. In order to guarantee 
the comparability of the results, methods have to be harmonised and strict analytical 
quality control methods have to be applied. 
Analytical determination is usually a multi-step process starting from sampling and ending 
with the actual measurement and interpretation of the results. It is also an error generating 
process where each step may generate its own error component. The errors can be random 
or systematic. The measurement is not in statistical control unless all independent steps of 
the error generating process and the different error types are taken into account. In this 
paper methods are discussed, which are useful: 
In estimating and controlling errors related to sampling. For this Pierre Gy's 
sampling theory is applied. 
In method comparison 
In estimating the precision (total random error) of routine analyses 
In analyzing interlaboratory comparisons 
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PERFORMANCE CHARACTERISTICS OF MICROBIOLOGICAL 
WATER ANALYTICAL METHODS 
Seppo Niemelä 
University of Helsinki 
Seppo I. Niemelä, PhD, Professor of Microbiology, Department of Applied 
Chemistry and Microbiology, the University of Helsinki; research interests 
mainly in quantitative microbiology, biometrics, enumeration methods, 
water and food hygiene, taxonomy; Finnish delegate at ISO/TC 147 
meetings for 25 years, Chairman of ISO/TC 147/SC 4 from 1989 to 1995 
and Chairman of ISO/TC 147/SC 4/WG 12. 
Microbiologists have only recently become aware of the great importance of analytical 
quality control. The development of the appropriate practices is still under way and 
considerable confusion prevails. 
Chemists have a longer tradition, and it is only natural that chemists' achievements are 
taken as the first model for microbiologists. It is, however, becoming increasingly clear 
that this will not be the final solution. Part of the confusion is due to the fact that methods 
used in microbiological laboratories are for a considerable part purely chemical methods. 
Their performance characteristics can be evaluated according to the chemists models. 
The purely microbiological methods have some important characteristic properties. First 
of all, genuine microbiological methods are meant for counting or detecting discrete 
particles. This is done by "detectors" that rely on magnification - either optical or 
biological (i.e. growth) for detection. 
Especially the growth-dependent detectors become saturated at relatively low particle 
numbers, so the operating range is limited to a very narrow range. This is typically 
expressed as the reliable counting range, for instance 25 to 250 per plate. The range varies, 
however, with the same method depending mostly on the microbial population of the 
sample. That in turn depends on the type of sample and even on the season. 
Mixing and diluting the sample is almost the only procedure practiced in order to adjust 
the analyte concentration to the reliable range. The amplification of the signal to detect 
particles is a living process (biomagnification) in which the analyte itself has a leading 
role. Because of the living process, the signal detection system may be quite sensitive to 
environmental variables (such as temperature, moisture, time, and structure of the 
biological community in the sample, etc.). Furthermore, reading of the results depend 
much more on human operators than is the case with chemical analyses. 
The practical requirement that bacterial contamination must be detected even at low 
particle densities (one per 100 ml) is an extreme situation as far as method performance is 
concerned. Statistical and probabilistic considerations become so dominant that technical 
errors cannot be quantified reliably. Quantification of technical errors is only possible in 
an optimal validation range which is not the same as the routine application range of the 
method. This is against widely accepted recommendations in validation, but may be 
necessary. 
In microbiological detectors three factors interact: bacterial population, nutrient medium, 
and technician. In analytical determinations two additional factors come into play: 
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statistical distribution of particles in a thoroughly mixed suspension and sample 
inhomogeneity. As microbiological analyses depend on biological magnification, mixing 
practices cannot be so forceful that microbes are killed by it. Considerable sample variance 
remains. Method performance testing requires statistical plans that can manage with 
samples of unknown variability. 
All these factors together cause that robustness testing is the most important performance 
testing activity. The elements of robustness that need to be tested are the dependence of 
the count on time of incubation, magnification aids, dilution solutions, and nutrient media 
preparation. How much unknown technical uncertainty should be permitted due to 
stacking effects, effects of incubator coordinates etc. has not been decided. 
Next in importance is the testing of repeatability and reproducubility of reading. 
In order to identify causes of technical uncertainty, experimental designs and statistical 
methods must be so applied that the unavoidable particle scatter can be mathematically 
eliminated. The ideas presented in some recently published monographs on quantification 
of measurement uncertainty must be transmitted to microbiological method performance 
testing. 
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PRINCIPLES FOR MONITORING ACIDIFICATION OF LAKES 
Jaakko Mannio 
Finnish Environment Institute 
Jaakko Mannio's research topics are connected to airborne pollutants, 
especially their occurrence and impacts in sensitive upland ecosystems: 
Detecting spatial and temporal trends of acidification, trace metals and 
organochlorine compounds, regional geochemistry of lakes, humic 
substances. 
A monitoring programme for evaluating the environmental effect of acidic deposition on 
surface waters is best organized in an co-ordinated, and hierarchical or pyramidal manner. 
At the apex of the pyramid is a small number of intensively monitored sites where 
sufficient information is collected from relevant ecosystem components so that time-
dependent models may be developed and applied to predict the future changes occurring 
under different deposition scenarios. Beneath the apex is a series of regional networks that 
employ progressively less comprehensive and frequent sampling but greater spatial 
coverage. Finally, the pyramid base is composed of a regional survey "network" in which 
a large number of sites may be sampled as infrequently as once per decade. 
The regional-scale assessment of the present and future status of the ecosystems depends 
on the continuing existence of all levels within the monitoring hierarchy. The regional 
monitoring/survey sites have generally been selected to be representative of the areas 
considered sensitive to acidic deposition. In some countries (e.g. Nordic countries, 
Canada, U.S.A.) statistical methods have been used in the monitoring/survey site selection 
procedure, which is the most reliable way to assure the representativeness of these sites. 
Signatories to the Convention on Long-Range Transboundary Air Pollution (CLRTAP) of 
the United Nations Economic Commission for Europe have agreed to cooperate on 
research and monitoring of the effects of air pollutants. Therefore, national networks of 
lake acidification have in most cases created or at least reorganized following these 
common principles. An important instrument for this harmonization has been the 
International Co-operative Programme on Assessment and Monitoring of Acidification of 
Rivers and Lakes (ICP Waters) established in 1985 under the CLRTAP. The programme 
collates continuously international data and has recently reported on long-term trends in 
surface water acidification, on assessment of nitrogen leaching and on dose/response 
studies of aquatic fauna. 
There has been a general decline in sulphate deposition in Europe since the mid 1980s. 
Nitrate, ammonium and base cation deposition has more regional characteristics and has 
not shown large-scale monotonic trends. The decreased sulphate load from the atmosphere 
can already be connected to chemical recovery (increasing buffer capacity) of some 
aquatic systems in different parts of Europe. The assessment of the causes and 
consequences of these changes requires always complete and consistent analytical data 
sets of all major cations (Ca', Mgt, K+, Nat, H+ and in most cases NH4' and Al) and 
anions (HCO3- or alkalinity, S042 , NO;-, Cl- and in most cases A- =organic anion as well 
as F-). The ion sums should be in balance ( cat an). The frequency of sampling is 
dependent on the system (lake/stream), scope (spatial/temporal/ long-term/short-term 
variation), expected magnitude of change, and resources available. 
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Predicting the future development of acidification on regional scale needs modelling work 
with extensive data. This is often available only of the physico-chemical environment, due 
to the relatively high costs of extensive biological data. However, in order to link the 
chemical changes to true environmental effects, information about tolerance limits of 
carefully selected, cosmopolitan indicator species is always needed. In many cases, biota 
can also integrate the average or worst conditions of the site more effectively than 
chemical monitoring. Presently the most widely used indicator groups are invertebrates in 
running waters and fish and diatoms in lakes. 
The compilation of different national data sets for common evaluation and regionalized 
data analyses places special demands on the harmonization of site selection, sampling and 
analysing. Regular intercomparison tests for chemical analyses and preferably also for 
biological analyses are extremely important. 
Representative sites for acidification monitoring are also suitable systems for trace metal 
and persistent organic pollutant monitoring. This aspect is very timely, since new 
protocols for the emission reduction of these compounds are under negotiations within the 
ECE Convention on LRTAP. 
37 
DATA ANALYTICAL METHODS FOR EXTRACTING 
INFORMATION FROM ANALYTICAL MEASUREMENTS 
Pentti Minkkinen 
Lappeenranta University of Technology 
By using modem instrumental methods, a large number of chemical variables can be 
analysed from one sample producing large data sets. In order to fully exploit the potential 
of modem analytical chemistry, effective data analytical methods are needed to extract and 
interpret the information such data set may contain. Two different chemometric data 
analytical methods, Principal Component Analysis (PCA), and Partial Least Squares 
Regression (PLS) and their application in water research are discussed in this paper. 
PCA is a bilinear projection method where the original n-dimensional measurement matrix 
X (n samples x m variables) is projected into a lower, A-dimensional space, by 
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Systematic variation 
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decomposing the X-matrix into a sample score matrix T, variable loading matrix P', the 
product of which models the systematic variation in the data, and into a residual matrix E, 
which in an ideal case only contains the measurement errors. By plotting two columns of 
the T matrix against each other, a 2-dimensional projection of the original data set is 
obtained. Plot of the rows of the P' matrix shows how the variables are correlated. Fig. 1 
shows an example of a score plot. PCA can be used for classification problems, to display 
data as informative plots. The score values have the same properties as weighted averages, 
i.e. they are not sensitive to random noise but show processes affecting several variables 
simultaneously in a systematic way. This makes them suitable for detecting multivariate 
trends, e.g. in multivariate time series. 
PLS finds applications in multivariate calibration types of problems, where a linear 
dependence is assumed to exist between two blocks of variables called descriptor variables 
(matrix X) and response variables (matrix Y). In PLS, both X and Y matrices are 
decomposed into score (T and U) and loading (P' and Q') matrices. As compared with 
PCA, the solution is rotated so that the correlation between the columns of T and U is 
maximised for each component included. This method can be used, e.g. to relate spectral 
measurements to chemical variables and to study the relationship between dose and effect. 
Figure 2 shows the matrix notation used in PLS. 
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Figure 1. Score plot of aquatic plants from Lake Jyväsjärvi based on 14 trace elements. Circle 
on the right shows the state of the lake when municipal and industrial waters were discharged 
into the lake. When pollution was stopped the trace element pattern is of Jyväsjärvi (middle 
circle) is close to reference area from clean area in Lake Päijänne (circle on the left). 
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Figure 2. Matrix presentation of the PLS regression method 
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WATER QUALITY MODELLING OF LAKES 
Tom Frisk 
Häme Regional Environment Centre, Tampere 
PhD 1990 in Limnology at the University of Helsinki. Docent at Tampere 
University of Technology in Limnology since 1996. Position: Regional 
Environmental Agency of Häme (in Tampere), Head of the Environmental 
Research Unit. Since January 1, 1997 Research Professor 
Lakes are ecosystems in which physical, chemical and biological processes are important 
factors affecting water quality and biological productivity. The interactions between the 
different factors are complicated, and it has been considered to be very difficult to make 
quantitative assessments of the impacts of human activities on lakes. Water quality 
modelling of lakes started in the 1960s. The first models were relatively simple mass 
balance models developed for the purpose of describing nutrient balances, but the 
development of more sophisticated lake models started already during the same decade. 
A water quality model usually consists of a hydraulic compartment and a water quality 
compartment. In water quality models, lakes are normally considered as relatively simple 
hydraulic systems. Thus continuously stirred tank reactor (CSTR), plug flow and advecti-
on-dispersion are the most common hydraulics applied in the models. CSTR hydraulics 
may be applied if the lake is totally mixed or if long-term average values of dimictic lakes 
are examined. Plug flow hydraulics are basically applicable to rivers, but they have also 
been applied with success to elongated lakes. Advection-dispersion hydraulics is the most 
common way of describing concentration distributions. One, two and three-dimensional 
descriptions are possible. Three-dimensional models have become more and more popular 
because computers no longer set restrictions to this approach. However, in lake modelling 
initial and boundary conditions still make the application of these models difficult. If the 
lake is thermally stratified, hydraulic description is much more complicated than in the 
case of an unstratified lake. 
The water quality compartment of the model consists of equations describing the 
behaviour of state variables. State variables are e.g. temperature, different concentrations 
and biomasses. For each state variable a differential equation is written, corresponding to 
the rate of change of the variable. The interactions between the different state variables are 
also taken into account. The differential equations contain kinetic coefficients and other 
constants. The values of the coefficients and constants can be obtained by means of 
measurements, from literature or by calibration. Calibration is a process in which the 
coefficients are adjusted so that the model output corresponds to the observed values well 
enough. The process in which a calibrated model is tested by using an independent data set 
is called validation (or sometimes verification). The effect of changes in the values of the 
coefficients or input variables on the model output is studied in sensitivity analysis. 
Water quality models may be either transport-oriented or ecology-oriented. In transport-
oriented models, the main emphasis is on advection and dispersion processes, and the 
water quality compartment is usually rather simple. Models of this kind are normally used 
in calculations of concentration distributions, and the description of biology is restricted 
to phytoplankton or there are no biological variables at all in the model. In ecology-
oriented models, simple hydraulic description is normally applied, but there may even be 
several tens of state variables describing the chemical and biological characteristics of the 
lake. This kind of a model requires an enormous amount of data material for reliable 
applications. 
Water quality models are useful tools in water management. They can be used in making 
quantitative assessments and predictions of the effects of waste waters and other direct 
human activities on the receiving waters. They can also be applied in the study of e.g. 
diffuse and atmospheric loading and expected climate change. However, the models can 
also be utilized in scientific research. Whenever a water quality model is constructed, the 
gaps and weaknesses in our ecological knowledge become evident, which leads us to study 
issues that contribute to our ecological knowledge. 
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METHODS AND INSTRUMENTS FOR THE REMOTE SENSING 
OF WATER BODIES 
Anatoly A. Buznikov 
St. Petersburg State Electrotechnical University 
Professor A.A. Buznikov is the Head of the Department of Physical 
Electronics and Optical Devices of St. Petersburg State Electrotechnical 
University (Chief of the Laboratory of Remote Sensing of Environment). 
His main research areas are physical electronics and optical devices, remote 
sensing. Several publications, among them six books, the last one - "Global 
change and Remote Sensing', John Wiley & Sons, Praxis Publishing, 1996. 
The main parts of the presentation will be as follows: 
1. The objective necessity to apply the Remote sensing method to the Monitoring and 
Measurements of Lake Recipients. 
The growing scopes of man's activity, the increase of anthropogenic influence on the 
inland water bodies. The pollution of sewage by agricultural fertilizers and stockbreeding 
wastes. The pollution of surface water with oil and oil products. 
2. The physical basis for the application of the remote sensing method for the control 
of natural water state. 
The spectral solar irradiance content and the scope of wavelengths best acceptable for the 
remote sensing of inland water bodies are under attention, as well as the geometric way of 
solar rays in the system 'water - atmosphere'. The influence of optically active 
components (phytoplankton, suspended minerals and dissolved organic carbon) on the 
spectra of reflected dispersed solar irradiance is being analyzed. The impact of oil and oil 
product film on the radiational balance of the water surface and the change of its 
temperature regime are being assessed. The mechanisms of brightness signal forming, 
perceived by the remote sensor, as well as the signal sensibility to the natural water 
content and its non-homogeneity are being studied. 
3. The application of passive methods of the remote control of the natural water state. 
The possibilities of passive remote method application for the control of water quality are 
being studied on the example of researches carried out on the aquatorium of Southern 
Saimaa (Finland). Remote Sensing measurements in the visible part of the spectrum were 
carried out from a motor boat. The water samples for laboratory research were taken 
simultaneously. Simple regression equations were calculated. They make it possible to 
determine water quality indices, depending on the spectral brightness coefficient ratio at 
wavelengths 440 and 520 nm: turbidity, relative transparency, 'A' chlorophyll, dissolved 
oxygen, nitrogen, phosphorus, sodium, pH and electroconductivity. 
4. The application of active methods of remote sensing to the control of lake 
condition. 
The advantages and drawbacks of both passive and active methods are being discussed. 
The method of remote sensing of water bodies with the aim of studying the distribution of 
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phytoplankton and macrophytes in its waters with the help of a laser fluorometer (lidar), 
•installed on board a ship, helicopter or plane is being described. 
5. The employment of radio location apparatus for the control of surface water state. 
The basis for the radio location research of water surface state is the selective dispersion 
of radio waves by the wave spectrum constituents. The sensitivity of radio location 
reflection of the santimeter range signals to the high frequency constituents of the wave 
spectrum determines the possibilities for map-making and for determining the parameter 
of inland water body state from aerospace carriers with the help of radio locators with 
synthesized aperture, working in the UHF range. 
6. Subsatellite experiments on the ecological investigation of Lakes Ladoga and 
Saimaa 
Complex subsatellite experiments by means of space technique (Cosmos-1939, Cosmos-
1870 and Almaz-1), contact measurements on the surface of the earth and water, and 
laboratory tests of water chemical samples were the main research methods. The results of 
the optical and radar observation of Lakes Ladoga and Saimaa, with the help of the space 
technique mentioned above and the results of distant and contact measurements made from 
boats on the surface of the water, are listed. 
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INLAND WATER MANAGEMENT: THE LIMNOLOGICAL 
ASPECTS 
Guido Premazzi 
JRC-EI Water Research Management, Ispra, Italy 
Guido Premazzi graduated in Biological Sciences, specialising in 
Hydrobiology, from the University of Milan in 1970. Since 1990 he has 
acted as Head of Water Resources Management Sector of the Environment 
Institute, at the joint Research Centre (JRC) - Ispra of the European 
Commission. He is the author of more than 150 scientific publications. He 
is a member of various national and international working groups concerned 
with the problems caused by environmental contaminants. Consultant to the 
Directorate General for the Environment, Consumer Protection and Nuclear 
Safety (DGXI) on the subject of water quality criteria. He is the coordinator 
of the MITO Project on phytoplanktonic species producing toxins in marine 
and freshwater environments in close collaboration with several institutions 
of five Member States. 
Modern limnology considers a lake not as an isolated waterbody, but as part of a complex 
ecosystem which also includes the lake's catchment area and the overlying atmosphere. 
The study of variable processes in such complex and dynamic natural systems requires 
observation methods capable of providing information in a broad range of spatial and 
temporal scales, often not achievable with conventional in situ observation methods. The 
incorporation of remote sensing methods enables, in principle, the gathering of 
information on processes with the desired temporal resolution, and coverade of large areas 
or volumes of the systems to be resolved. 
Furthermore, surface freshwater is an increasing valuable natural resource with major 
impacts and benefits for Europe's population and environment and a pan-European 
methodology for assessing surface water quality is urgently needed. 
The SALMON Project (SAtellite remote sensing for Lake MONitoring) emerged in this 
scenario as a project for lake monitoring. It proposes to reach its objectives through an 
evaluation of the capabilities of current and forthcoming spaceborn remote sensing for the 
monitoring of European lake water quality. 
Remote sensing is an indirect method of study which is mainly based on the recording of 
electromagnetic waves either reflected or emitted by natural objects. The remotely 
measured electromagnetic signal is unambiguously related, in accordance with certain 
remote sensing techniques are obtained through the combination of comprehensive 
multilimnological measurements. Hence, the direct acquisition of limnological data 
through a well planned field campaign is essential. 
In this lecture the limnological data acquired for the SALMON Project till the present date 
are discussed. Emphasis is given to one of major problems encountered, e.g. the 
comparison of different methods for the quantification of freshwater algal pigments, 
mainly total chlorophyll's. 
SOURCES AND FATE OF ORGANOCHLORINE COMPOUNDS IN 
THE FRESHWATERS OF FINLAND 
Jaakko Paasivirta 
Jyväskylä 
Emeritus professor Jaakko Paasivirta continues his research on organic 
environmental chemistry, especially chemical ecotoxicology in national and 
international projects. His recent activities include the EU project 
POPCYCLING-BALTIC (under ELOISE), POP-REP studies of the 
developmental damages of egg-laying animals, the KYPRO study on 
Kymijoki River contamination and structure analyses of less known 
persistent organic pollutants from chlorine-free bleaching and in the Baltic 
Sea. 
Anthropogenic organochloro compounds (OCC) in the freshwaters of Finland mainly 
originate from three types of sources: 1) Chlorination processes, especially pulp bleaching 
and water disinfection, 2) Wood preservation with chlorophenolics, including the 
production of the latter, and 3) Incinerations in energy production, metallurgy and waste 
treatments. During past decades, all these OCC emissions have decreased greatly due to 
the reduction in uses of chlorine chemicals and process improvements. Consequently, the 
relative role of atmospheric long-range transport of some semivolatile and persistent 
OCCs has increased. 
A great number of observations on the environmental fate of OCCs in Finnish fresh water 
ecosystems was carried out in studies of pulp mill recipient watercourses including 
background areas and some sites of wood preservation. OCCs were studied especially in 
sediments, fish and incubated mussels during the period 1978 to 1995. In pulp-mill 
recipient watercourses, depositions of OCCs to sediment layers and their concentrations 
in biota decreased greatly due to process improvements. However, presently most 
common mills using ECF bleaching and secondary treatment still discharge OCCs 
characteristic to mill effluents. From chlorophenolics, chloroguaiacols (PCGs) in fish and 
mussels were the best indicators of the exposure to bleaching mill effluent. The most 
common chlorophenols (246PCP, 2346TeCP and PeCP) were nonspecific to pulp mills, 
while combustion and especially wood preservation caused their residues, as well. In a 
fresh water environment, chlorophenolics biomethylated to chloroanisoles (PCA) and 
chloroveratroles (PCV), very off-flavoric substances. PCV-tainted fish were typical to 
pulp-mill effluent exposure. Major chlorohydrocarbons from pulp bleaching were 
chlorinated cymenes, cymenenes, alkyl bibenzyls, alkylnaphthalenes and 
alkylphenanthrenes (e.g. chlororetenes), which were found in recipient sediment and biota. 
Their levels indicated high bioaccumulation rates. Levels of toxic dioxins in modern pulp 
mill recipient biota were very low or non-detectable. 
In sediments of the pulp mill recipient watercourses, earlier chlorobleaching had caused 
notable levels of chlorophenolics, especially PCGs and PCCs (chlorocatechols), which are 
bound to higher molecular matter and extractable for analysis after treatment with strong 
alkali (BPCPs). Accordingly, the history of pulp chlorobleaching can be seen in dated 
sediment layers as BPCPs and other bleaching-originated OCCs. 
Besides pulp chlorobleaching, the chemical manufacture of tetrachlorophenol for wood 
preservation in Kuusankoski, by the Kymijoki River, during the years 1945 to 1984, had 
caused high levels of toxic OCCs still present in the Kymijoki River bottom solids. These 
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sediments contain traces of wood preservative chlorophenol 2346TeCP and its impurities, 
especially eight polychlorophenoxyphenol (PCPP, "predioxin") congeners, three hexa and 
two hepta-CDFs, and 24 PCDE congeners. For these sediments, toxic TCDD equivalent 
values (TEQ) as high as 80 ng/g have been measured. Both chlorobleaching and 
chlorophenol production-originated OCCs can redissolve from disturbed bottom solids and 
expose biota. Despite of non-detectable discharges, the Kymijoki River fish and incubated 
mussels still contain marked concentrations of chlorocymenes, PCDEs, PCDFs and 
(especially mussels) PCPPs. Biomethylated PCPPs, polychloro-phenoxyanisoles (PCPAs) 
also occur in the fish of the Kymijoki River. 
Toxaphene congeners (PCCs) were proven not to originate from a pulp mill, but from the 
global atmospheric long-range transport, as also the majority of hexachloro-cyclohexane 
(HCH, especially a-HCH and y-HCH or lindane) residues in Finnish biota. 
Hexachlorobenzene (HCBz) mainly originates from combustions and long-range transport, 
and is rather evenly distributed as low levels in Finland. The bioaccumulation rate of 
HCBz is, however, high. It is possible that part of the bioaccumulated HCBz could 
metabolize to octachlorodibenzo-p-dioxin (OCDD), which explains the fact that OCDD is 
the dominating PCDD/F-congener in tissues of the background human population. 
Previous dumpings of the extremely persistent polychlorobiphenyl (PCB) mixtures have 
caused some point-source-type of fresh water ecosystem contaminations in Finland. The 
most serious one is still causing elevated PCB concentrations in fish and incubated 
mussels in the Vanajavesi watercourse in South Finland. In general, levels of the most 
persistent and ecotoxic OCCs (PCDDs, PCDFs and PCBs) in Finnish fresh water 
ecosystem are significantly lower than those in the Baltic Sea. 
FATE OF ORGANIC XENOBIOTICS IN SEDIMENTS: 
BIOAVAILABILITY AND TOXICITY 
Jussi Kukkonen 
University of Joensuu 
Jussi Kultkonen, PhD 1992 at the University of Joensuu. Associate professor 
(ecotoxicology) since 1995 in the Department of Biology at the University 
of Joensuu. The main theme of his ecotoxicological research conducted and 
supervised is "the environmental fate and effects of pollutants in aquatic 
systems". 
Bioaccumulation of compounds by organisms is the net exposure of the organism to a 
contaminant from various source compartments over time. This represents the balance 
between the flux into the organism and the loss through protective processes such as 
biotransformation and elimination. The importance of bioaccumulation is its direct link 
between the external contaminant concentrations in the sources and the potential effect of 
contaminants at various levels of biological structure and function. Bioaccumulated 
contaminants that attain sufficient concentration at a receptor site for sufficient duration 
are responsible for exerting the pharmacological and/or toxicological effect of the 
compound on the organism. 
Accurate prediction and evaluation of contaminant exposure and accumulation from 
sediments remains difficult because of the complex interactions between the contaminant, 
sediment and organism. These interactions depend on: 
1) chemical characteristics and concentration of the 
contaminant; 
2) physical and chemical characteristics of sediments; 
3) the presence of complex mixtures that can confound the contaminant 
interactions with both the sediment constituents and the biota; 
4) organism behaviour and physiology influenced by such environmental 
factors as temperature, nutrient availability, and habitat that can modify the 
exposure both between species and temporally within a species; and 
5) the length of sediment/contaminant contact time that can change 
bioavailability (Landrum et al. 1996). 
The predominant environmental factor affecting contaminant bioavailability is adsorption 
to particles and, for neutral hydrophobic organic compounds, the particle-associated 
organic matter. The organic carbon content of the particulate matter is the most important 
factor in determining the sorption properties of the particles. However, partitioning studies 
indicate that contaminant sorption and bioavailability may be affected by different forms 
of organic carbon as well as amount. The organic carbon normalized partition coefficient 
decreases for a particular compound with increases in the organic matter polarity 
expressed as the (0 + N)/C ratio. 
Not only does the partitioning apparently vary with the organic carbon content and 
composition, but compounds of different chemical classes bind to different portions of the 
organic matter. The distribution of pyrene, benzo(a)pyrene and hexachlorobiphenyl 
differed from the organic carbon distribution for particles <63 µm in diameter. The 
distributions among small particles also differed significantly even between compound 
classes and when the contaminant concentration changed. These relative distributions were 
directly attributed to bioavailability differences of these sediment-associated contaminants 
observed in an amphipod, Diporeia spp., and a benthic oligochaete, Lumbriculus 
variegatus. 
Selective feeding behaviour is one of a number of biological characteristics affecting 
contaminant availability. In Diporeia spp., this selectivity is suggested as a major reason 
for the differential accumulation of chlorinated hydrocarbons as opposed to polycyclic 
aromatic hydrocarbons from sediments. When the relative distribution among sediment 
particles is large, such selectivity is readily assumed. The other behavioral factor that may 
affect the observed sediment toxicity or measured body residues is possible sediment 
avoidance. If organisms avoid the sediment, they will stay on the surface of the sediment, 
and accumulation will be reduced. Even if they are burrowed in the sediment, high 
contaminant concentrations may decrease their sediment ingestion rate and thus reduce 
accumulation. 
Partitioning between pore water and sediment particles has been described in multi-kinetic 
processes that appear as two differentially bioavailable pools: one in a reversible pool and 
another in a resistant pool. The fraction of contaminant that resides in each of these pools 
changes, depending on the sorption duration, until equilibrium is reached. This may take 
months to years to achieve. During this equilibration phase, contaminant bioavailability 
can also be expected to change with time. This can be especially important when 
examining data obtained from bioassays that employ spiked sediment. The bioavailability 
of phenanthrene and pyrene was found to change upon spiked sediment aging from 3 to 
180 days; however, benzo(a)pyrene exhibited no significant bioavailability changes, as 
determined by uptake rate coefficients. In the other study, the bioavailability of 
benzo(a)pyrene also depended on the contact time. Differential bioavailability with 
sediment aging has also been observed for field-collected sediments. 
MERCURY: A CHALLENGE FOR LAKE MONITORING 
Matti Verta 
Finnish Environment Institute 
Matti Verta (PhD in limnology, University of Helsinki, 1990) worked as a 
research scientist at the National Board of Waters and Environment, Finland 
from 1977 to 1995. He is currently a division manager at the Finnish 
Environment Institute, Impacts Research Division. His main research 
interest has focused on biogeochemistry of trace elements and other 
pollutants as well as organization of monitoring programmes on 
contaminants. He was a leader of a research group on mercury cycle in 
finnish environment, and has been organizing a series of international 
conferences on "Mercury as a Global Pollutant" held in Sweden, USA, 
Canada and Germany in 1990-1996. 
The varied chemical species and forms of mercury promote its transport and cycling in the 
environment between bedrock, soil, water and air. Many sources - both natural and 
anthropogenic - contribute to the global mercury cycle, while several factors modify the 
leaching, evaporation and deposition and subsequent transformation, distribution, and 
bioaccumulation of mercury. Mercury sources and modifying factors vary extensively 
across regions, continents, and hemispheres, complicating the assessment of the role of 
mercury as a global pollutant. From a biogeochemical perspective, researchers and 
decision-makers need to know if the global pattern of mercury cycling has changed or is 
changing due to human activities. From a regional or site-specific perspective, monitoring 
will give detailed spatial and temporal information on mercury concentrations 
(distribution) in the environment, which may help to quantify the importance of local, 
regional or global mercury sources, assess the effect of the environmental characteristics 
on the mercury cycle, estimate the anthropogenic effect of mercury releases on wildlife 
and human mercury exposure, etc. 
Human exposure to methylmercury (MeHg) through the consumption of fresh water and 
marine fish is the principal public health concern with mercury in the environment. 
Elevated MeHg concentrations in fish are frequently found not only in heavily 
contaminated areas, but also in terrestrial waters distant from point sources in Scandinavia, 
Canada and USA, and even in the Arctic environment. It has become evident that 
atmospheric, terrestrial and aquatic cycling of Hg, the synthesis of MeHg, and the 
bioaccumulation of MeHg is driven by complex chemical and biological reactions 
involving exceedingly small quantities of Hg at the bottom of aquatic food chains but 
leading to harmfully high concentrations at the top of some vulnerable food chains. 
Accordingly, environmental investigation on mercury requires a highly sophisticated 
analytical approach as well as deep understanding of biochemical and biological processes 
and ecosystem dynamics. 
Themes of the lecture: 
1) The important processes within the mercury cycle that give implications to the 
monitoring of mercury in aquatic ecosystems will be emphasized : 
Mercury pathways: 
- volatilization 
- deposition 
- accumulation in soils 
- catchment->lakes 
- sedimentation/dissolution 
- assimilation/release 
Mercury speciation: 
- complexation/humic substances 
- methylation/demethylation 
2) Mercury effects on biota will be briefly discussed 
- toxicity to water organisms 
- human exposure through the environment 
3) Examples of environmental changes giving rise to changes in the mercury cycle will be 
presented 
- acidification 
- eutrophication 
4) Examples of results from different monitoring systems as well as their interpretation 
will be presented. 
Training aspects: 
The training will focus on giving basic information about the unique nature of the mercury 
cycle, as compared with other heavy metals or organic pollutants. Depending on the 
objectives of monitoring, different strategies and approaches are needed and available. 
Problems of mercury monitoring system design - environmental and economic - will be 
emphasized. 
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THE WATER QUALITY CLASSIFICATION SYSTEM IN NORDIC 
COUNTRIES: SWEDEN 
Torgny Wiederholm 
Swedish University of Agricultural Sciences 
Uppsala, Sweden 
Torgny Wiederhotm holds a PhD in entomology from Uppsala University. 
He has been a scientist and section head at the Swedish Environmental 
Protection Agency's department of environmental monitoring and is 
currently director of the Environmental Data Centre at SLU. His area of 
interest includes environmental indicators and water quality monitoring. 
The current Swedish water quality criteria were published by the Swedish Environmental 
Protection Agency (SEPA ) in 1990. The system was designed to permit simple, outline 
reporting and assessment, in table and map form, of conditions in lakes and watercourses 
and the degree to which they have been disturbed by human activitites. The focus is on the 
aquatic environment as such, rather than the water quality that may be required for various 
possible uses, e.g. recreation, water supplies, etc. 
The criteria include five different aspects that are of significance in an assessment of water 
quality, namely nutrient status, oxygen status (including levels of oxygen demanding 
substances), light conditions, acidity status and concentrations of metals. For each of these 
aspects, waters are assigned to one of five "status classes" and one of four "degrees of 
anthropogenic perturbation (DAP)". The DAP is calculated by comparing present 
conditions with a reference representing, in as much as possible, natural background 
conditions. Reference stations, historical data or model equations (phosphorus and 
nitrogen) are used to estimate background conditions. 
The water quality criteria are currently beeing revised and extended in a project that aims 
at developing what is labelled as ecological quality criteria for six different nature types: 
the forest landscape, the agricultural landscape, ground waters, lakes and watercourses, 
coast and sea, and contaminated sites. Similar to the existing criteria for lakes and 
watercourses, the new ones are intended to serve as a basis for interpretation of the state of 
the environment based on environmental monitoring data. Variables linked to the major 
environmental threats and the overall environmental objectives will be used. 
For lakes and watercourses, nutrients, ANC, metals, organic micropollutants and, on the 
biological side, phytoplankton, macrophytes, periphyton, macroinvertebrates and fish are 
being considered. The work includes a review of national and international experiences of 
various water quality indicators and classification systems, the establishment of data bases 
for statistical analysis of characteristic values for various ecoregions and types of water 
bodies, and an effort to develop predictive models for indicator metrics based on 
site-specific factors that are, as much as possible, unaffected by human influence. Both the 
structure and the details of the final product are still under consideration. However, it 
seems that the general structure of the existing criteria will remain, in that the system will 
permit separate classifications of status and change. Change (or degree of anthropogenic 
perturbation) will be measured as distance to reference conditions represented by 
characteristic values from, as much as possible, unaffected areas or reference values that 
may be derived by use of predictive models. In both cases, reference stations of the 
monitoring network are important to establish baseline conditions. 
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THE WATER QUALITY CLASSIFICATION SYSTEM IN NORDIC 
COUNTRIES: NORWAY 
Jon Lasse Bratli 
NIVA, Norway 
Dr. Bratli (limnologist) is the Leader of the Water Resources Management 
Section in the Norwegian Institute for Water Research (NIVA) since 1992. 
His specialilization sectors are: Water Resources Management, Water 
pollution Abatement, River and Lake Restoration, Eutrophication. 
The new revised guideline contains tables and verbal descriptions of Quality status and 
Suitability for the freshwater environment. 
The quality status consists of two components, a natural component as result of natural 
processes in the catchment area, and a component resulting from human activity, for 
example effluents from industry/sewage and runoff from farmland. The latter component 
is defined as pollution. 
A schematic outline of some of the basic expressions associated with the classification 
system is given below: 
Quality status Suitability 
Basis: Measured values Adequate usage 
associated with a 
given water quality 
Classes: Nutrients, org. matter Micro pollutants: Four classes: 
etc.: 
I = Very good I = Slightly polluted 1= Well suitable 
II = Good II = Moderately polluted 2= Suitable 
III = Fair III = Markedly polluted 3= Less suitable 
IV = Bad IV = Severely polluted 4= Unsuitable 
V = Very bad V = Extremely polluted 
The classification system for freshwater is divided into six effect categories: effects of 
nutrients, organic matter, acidifying components, micro pollutants, particles and faecal 
bacteria. Each of these categories is characterised by one or more physical, chemical and 
for biological parameters. 
A short description of monitoring in different watercourses is presented. It is also given 
requirements for the use of the system, necessary sampling rate, how to calculate different 
mean values, and which of the parameters that is the most important for different type of 
classification. 
Classification of suitability is given for: 
Drinking water (crude water), bathing and recreation, fishing (recreational) and irrigation. 
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THE WATER QUALITY CLASSIFICATION SYSTEM IN NORDIC 
COUNTRIES: FINLAND 
Pertti Heinonen 
Finnish Environment Institute 
Pertti Heinonen (PhD in limnology 1980), Finnish Environment Institute, 
has a career of over 30 years in Finnish applied limnology, especially 
regional limnology and water quality assessment. He works as the Head of 
the Reporting and Assessment unit at the Finnish Environment Institute. 
The first official water quality monitoring network for the main rivers and the biggest 
lakes in Finland was established by the water authority in 1962 and 1965, respectively. 
The assessment of the monitoring data, general watercourse classification on the basis of 
the physical, chemical, bacteriological and biological variables measured from the national 
fresh water network started already at the end of the 1960s. The first version of the 
classification system used by the Finnish water authority was very similar to the Swedish 
guidelines for practical assessment of water quality of inland waters. In the 1980s, the 
Finnish National Board of Waters started to develop a new classification system for inland 
waters. The new classification guidelines were accepted for official use in 1987. 
The structure of the Finnish classification system is as follows: There are three different 
utilization-specific watercourse classifications: a quality based classification of 
watercourses for recreational purposes, a raw water (for domestic use) classification and 
a quality classification of watercourses for fishing. However, the most common 
application in practical assessment of water courses is the general water quality 
classification system, which is in a way a summary of these three specific classifications. 
The quality criteria for water are divided into five groups so that the first two classes 
represent natural waters with no or very slight anthropogenic impact. The third class, 
'satisfactory', consists of two sub-classes, one of natural eutrophic or polyhumic waters 
and the other of water courses with clear human impact. The two last mentioned classes 
(poor and bad) are reserved for waters that are polluted by different human activities. 
The most important variables in estimating the general water quality classification are 
closely connected to eutrophication processes; total phosphorus and chlorophyll a. The 
other variables are water colour and Secchi depth, turbidity, oxygen concentration during 
stagnation periods, especially in the hypolimnion, fecal bacteria and some harmful or 
dangerous substances like As, Hg, Cd, Cr, Pb and CN. There are no limit values for any 
biological characteristics in the classification system. There is only a general description 
of each class to clarify the classification with the aid of non-measurable factors. 
There is an evident need to revise the classification system in the very near future. There 
are new variables, which have already been monitored long enough for reliable 
classification (periphytic growth, species composition of phytoplankton, baoaccumulation 
of harmful substances), the classification system should clearly be divided into lake 
classification and river classification, pelagic variables are not adequate for lake 
classification, and profundal characteristics are also needed. A very practical reason arises 
from the new proposed EU Water Framework Directive (Commission proposal, 1997) 
scheduled to come into force (concerning the monitoring programmes, Article 10) already 
at the end of 2001, which requires a certain monitoring program and quality assessment 
for all watercourses in the EU countries. Nordic cooperation is needed in order to assure 
a good practical classification especially for lakes. 
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FINAL DISCUSSION AND COURSE EVALUATION 
Giuliano Ziglio 
University of Trento, Italy 
Giuliano Ziglio, previously professor of Environmental Hygiene at the 
Institute of Hygiene of the Medical School University of Milan, is professor 
of Sanitary and Environmental Engineering at the Department of Civil and 
Environmental Engineering, University of Trento. Areas of interest, within 
his research activity in the field of water resources, are: quality of water 
intended for human consumption, including health effects; total exposure 
evaluation to environmental pollutants, including the use of biological 
markers; use and protection of surface and ground waters, including 
regulation and some technical aspects (disinfection). He collaborates and is 
in contact with technical and administrative people sharing responsibility in 
managing public health at regional, national and international Research 
Centres. 
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